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The intriguing coexistence of the charge density wave (CDW) and superconductivity in SrPt2As2
and LaPt2Si2 has been investigated based on the ab initio density functional theory band structure
and phonon calculations. We have found that the local split distortions Pt atoms in the [As-Pt-
As] layers play an essential role in driving the five-fold supercell CDW instability as well as the
phonon softening instability in SrPt2As2. By contrast, the CDW and phonon softening instabilities
in LaPt2Si2 occur without split distortions of Pt atoms, indicating that the driving mechanisms
of the CDW in SrPt2As2 and LaPt2Si2 are different. We have found that the CDW instability
for the former arises from the Fermi surface nesting, while, for the latter, from the saddle point
scattering. The phonon calculations, however, suggest that the CDW and the superconductivity
coexist in [X-Pt-X] layers (X = As or Si) for both cases.
PACS numbers: 71.45.Lr, 74.70.-b, 71.18.+y, 63.20.D-
Low-dimensional systems often suffer from intrinsic in-
stabilities, revealing diverse interesting phase transitions
upon cooling, such as charge density wave (CDW), spin
density wave, superconductivity (SC), and so on. In gen-
eral, those phases are detrimental to each other. There-
fore the coexistence of those phases in a system has been
a long-standing subject of importance in the physics of
low-dimensional systems.[1–6] The Pt-based layered su-
perconductors, SrPt2As2 and LaPt2Si2, of the present
study belong to such quasi two-dimensional (2D) sys-
tems, which exhibit the coexistence of the CDW and the
SC at low temperature (T ).[7, 8] In fact, the Pt-based
layered systems draw recent attention because of their
structural similarity to Fe-based AFe2As2 (122) (A=Ba,
Ca, Sr, or Eu) superconductors, which have been inten-
sively studied these days.[9–17]
SrPt2As2 was reported recently to be a BCS-like super-
conductor having two s-wave superconducting gap fea-
ture as in MgB2.[18] SrPt2As2 undergoes a CDW transi-
tion at TCDW ' 470K, which is accompanied by the su-
perconducting transition at Tc ' 5K. Below Tc, the SC
coexists with the CDW phase.[7, 19] At high T , SrPt2As2
crystallizes in the tetragonal structure of CaBe2Ge2-
type (P4/nmm), which is quite similar to ThCr2Si2-
type structure of AFe2As2 superconductors.[7] Differ-
ently from AFe2As2, however, Pt and As in SrPt2As2
have reversed positions for every other layer, as shown
in Fig. 1(a). Namely, there are alternating [As2-Pt1-
As2] and [Pt2-As1-Pt2] layers along the c-direction. The
CDW modulation vector of SrPt2As2 was reported ex-
perimentally to be qCDW=0.62 a
∗ = (0.62, 0, 0), which
yields the supercell structure with the modulation in the
[As2-Pt1-As2] layers below TCDW (see Fig. 3).[1, 21]
Even below TCDW , SrPt2As2 has unique feature con-
taining the split-off positions of Pt1 and As2, as shown
in Fig. 1(b).
There have been only a few band structure calcula-
tions for SrPt2As2.[3, 23] Nekrasov et al.[3] obtained the
density of states (DOS) and Fermi surface (FS) of the
high T phase of SrPt2As2 having the tetragonal struc-
ture above TCDW . They found that 5dx2−y2 state of
Pt1 is dominant at the Fermi level (EF ) and the FSs
are mostly 3D-like except one cylinder-like FS. Shein et
al.[23] investigated the energetics of three types of 122
system: CaBe2Ge2-type and two hypothetical ThCr2Si2-
type structures. They reported that CaBe2Ge2-type is
more stable than ThCr2Si2-type polymorphs. However,
none of these studies explored the electronic structures of
the low T phase of SrPt2As2 having the split-off positions
of Pt and the CDW modulated structure.
Another Pt-based layered system LaPt2Si2 has simi-
lar physical properties to SrPt2As2. At high T , LaPt2Si2
crystallizes in the tetragonal structure of CaBe2Ge2-type,
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FIG. 1: (Color online) (a) Orthorhombic structure of
SrPt2As2 with Pt1 and As2 at the ideal positions without
the split distortion (no-split-SPA). (b) Orthorhombic struc-
ture of SrPt2As2 with Pt1 and As2 at the split-off positions
(split-SPA). (c) Total energy variation of SrPt2As2 with re-
spect to the split distortion (distortion=0.0 for no-split-SPA
and distortion=1.0 for split-SPA).
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2which is similar to Fig. 1(a) (Sr and As are replaced by
La and Si). Upon cooling, it undergoes the CDW transi-
tion at 112 K with the CDW vector of qCDW = (n/3, 0, 0)
(n=1 or 2).[8] Nagano et al.[8] suggested a CDW-induced
supercell at low T , which corresponds to the tripling of
the original unit cell. Below T ∼ 2 K, the SC emerges in
coexistence with the CDW state.[8] It was also reported
that LaPt2Si2 is more stable in the CaBe2Ge2-type struc-
ture than in the ThCr2Si2-type structure.[24] The FSs of
CaBe2Ge2-type structure are mostly 2D-like, while the
FSs of ThCr2Si2-type structure are 3D-like. However,
the unique feature of the split-off positions of Pt1 and
As2 in SrPt2As2 has not been observed in LaPt2Si2.
Despite existing studies on SrPt2As2 and LaPt2Si2,
there are important remaining issues. There has been
no theoretical explanation on the mechanisms of the
observed CDW instabilities in SrPt2As2 and LaPt2Si2.
Kudo et al.[7] once stated that the CDW transition of
SrPt2As2 seemed to originate from the FS nesting, but
they did not specify which band is responsible for the
FS nesting. Above all, it has not been clarified whether
the CDW instabilities in SrPt2As2 and LaPt2Si2 have
the same mechanisms or not. Also, there have been no
phonon studies on SrPt2As2 and LaPt2Si2, which can
provide direct clue to the CDW structural transitions.
On the basis of phonon studies, one can also investigate
SC properties in these CDW systems.
In this letter, to address the above questions, we have
investigated the CDW and SC properties of SrPt2As2 and
LaPt2Si2, using the first-principles density-functional
theory (DFT) band structure and phonon calculations.
In SrPt2As2, the split distortions of Pt1 in [As2-Pt1-As2]
layers are found to play an essential role in driving the
CDW instability. This feature in SrPt2As2 is distinct
from that in LaPt2Si2 that does not need the split distor-
tions to drive the CDW instability. The phonon studies
revealed that the SC emerges mainly in the CDW layer
for both SrPt2As2 and LaPt2Si2.
For the total energy band structure calculations,
the full-potential linearized augmented plane wave
band method implemented in Wien2k package was
employed.[25] The generalized-gradient approximation
(GGA) was used for the the exchange correlation and
the spin-orbit coupling (SOC) was included. For struc-
tural optimizations and phonon calculations, the pseudo-
potential band method implemented in VASP[26] and
phonopy[27] were used, respectively. The supercell ap-
proach with finite displacements based on the Hellmann-
Feynman theorem[28] was used to obtain the force con-
stants. The pseudo-potential band method implemented
in Quantum Espresso was also used to determine the
electron-phonon (e-ph) coupling constant λp and super-
conducting parameters.[29]
To examine the mechanism of CDW instability in
SrPt2As2, we focused on the role of split distortions of
Pt, and so considered two structures. The first one is the
orthorhombic structure in Fig. 1(a) without the split dis-
tortions of Pt1 and As2 (we call it “no-split-SPA” here-
after). The no-split-SPA structure is close to the tetrag-
onal CaBe2Ge2-type structure above TCDW . The sec-
ond one is another orthorhombic structure in Fig. 1(b),
which has the split-off positions of Pt1 and As2 (here-
after “split-SPA”). Split-SPA has the structure that is
close to that of SrPt2As2 below TCDW , but does not con-
tain the modulation by qCDW=0.62a
∗. The split-SPA
structure is obtained by making the antiferro-like distor-
tions of Pt1 and As2 and then performing the atomic
relaxation. The initial structure data for SrPt2As2 be-
fore the structural relaxation was adopted from Imre et
al..[1] The initial lattice constant and atomic positions
of LaPt2Si2 were adopted from Shelton et al.,[2] and
Nekrasov et al.,[3] respectively. The relaxed structural
parameters of SrPt2As2 and LaPt2Si2 are summarized in
the supplement.[31]
First, we checked the energetics of SrPt2As2 with re-
spect to the split distortion. The total energy variation
from no-split-SPA to split-SPA is shown in Fig. 1(c). The
negative distortion means the opposite split directions of
Pt1 and As2. We obtained the double-well shaped en-
ergy profile, which indicates that the split distortions of
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FIG. 2: (Color online) (a) Band structure of no-split-SPA.
Pt1 and Pt2 band characters are shown with fat bands. (b)
FS of no-split-SPA in the a∗b∗ plane. (c) Band structure of
split-SPA. (d) FS of split-SPA in the a∗b∗ plane. The red
FSs centered at S become flatter, which provides the nesting
vector qCDW . (e) FS of no-split-SPA in the full Brillouin
zone (BZ). (f) FS of split-SPA in the full BZ. Color bar for
(e),(f) represents the Pt1 contribution to the FS (maximum
value=1). For split-SPA, the flat-red region is seen to be
enhanced at the S-centered FSs.
3Pt1 and As2 indeed lower the total energy. The energy
difference between no-split-SPA and split-SPA is ∆E '
50 meV/u.c..
Figure 2 shows band structures and FSs of no-split-
SPA and split-SPA. As shown in Fig. 2(a) and (c), the
main character of the dispersive bands around S is at-
tributed to Pt1 band in both no-split-SPA and split-SPA.
But the significant difference between the no-split-SPA
and split-SPA is revealed in the FSs. Figure 2(b) and
(e) for no-split-SPA show mainly the 3D-like FSs except
one cylinder-like FS centered at S (red-colored FS in Fig.
2(b)), as is consistent with existing calculations.[3, 23] In-
terestingly, the circular-cylindrical FS for no-split-SPA is
changed into the ellipsoidal-cylindrical FS for split-SPA,
as shown in Fig. 2(d), and so the parallel portion of
the FS is increased. Pt1-projected FSs of no-split-SPA
and split-SPA are presented in Fig. 2(e) and (f), respec-
tively. For no-split-SPA, the FS has almost 4-fold rota-
tional symmetry, and the Pt1 projection is distributed
rather uniformly over the cylindrical FS. On the other
hand, for split-SPA, the 4-fold rotational symmetry is
completely broken because of the ellipsoidal-cylindrical
FSs at S. It is amusing to find in Fig. 2(d) that the nest-
ing vector connecting the flat parts of ellipsoidal FSs is in
good agreement with the experimental CDW modulation
vector of qCDW= (0.62, 0, 0) suggested by Imre et al..[1]
This result demonstrates that the split distortions of Pt1
and As2 in [As2-Pt1-As2] layer of split-SPA are essential
to drive the CDW transition. Also notable in Fig. 2(f)
is that the Pt1 character is dominant at longer parts of
the ellipsoidal FSs, which clearly indicates that the Pt1
band is responsible for the CDW instability in split-SPA.
In order to check the structural instability more di-
rectly, we performed phonon dispersion calculations for
both no-split-SPA and split-SPA. As shown in Fig. 3(a)
and (b), the phonon softening instabilities occur in both
cases, indicating the structural instabilities. This feature
is consistent with experiment in that the ground state
of SrPt2As2 has the CDW modulated structure.[1] The
softened phonon modes arise mainly from Pt1, as shown
in the partial phonon DOSs, suggesting that the CDW
transition occurs in the Pt1 layers. Inset of Fig. 3(a)
shows the normal mode of softened phonon at Γ for no-
split-SPA, which induces the split distortions of Pt1 and
As2. This phonon mode induces the structural transition
from no-split-SPA to split-SPA, which is consistent with
structural energetics in Fig. 1(c).
Figure 3(b) shows that the Γ point softening disap-
pears for split-SPA, and the phonon softening instabil-
ity becomes dominant near qCDW=(0.62, 0, 0). Indeed,
the relaxed structure modulated by the softened phonon
mode at q=(0.6, 0, 0) in Fig. 3(c) is very close to the ex-
perimentally suggested structure.[1] We will refer to this
relaxed structure as 5X-SPA, as it is five-fold supercell
structure due to q=(0.6, 0, 0). Figure 3(d) provides the
total DOSs of split-SPA and 5X-SPA, which shows that
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FIG. 3: (Color online) (a) Phonon dispersion and partial
phonon DOS for no-split-SPA. (b) The same for split-SPA.
The negative frequency here implies the imaginary phonon
frequency, indicating the structural instability. In the inset
of (a), the softened phonon mode at Γ is depicted. (c) The
modulated structure (5X-SPA) of [As2-Pt1-As2] layer in the
ab plane due to the softened phonon mode at q=(0.6, 0, 0)
of (b). (d) Total electron DOSs are compared between the
split-SPA and 5X-SPA cases. Partial electron DOSs of Pt1
and Pt2 of 5X-SPA are also plotted.
5X-SPA is still metallic, reflecting that the CDW nest-
ing is imperfect. This is one reason why the CDW and
the SC could coexist in SrPt2As2.[1] The DOS at EF is
lower for 5X-SPA than for split-SPA. Notable feature is
that, even after the CDW transition, the contribution to
the DOS at EF comes more from Pt1 band. The ratio
of Pt1 and Pt2 DOSs at EF is ∼1.3. This suggests that
the [As2-Pt1-As2] layer would be more susceptible to the
emergence of the SC. We will discuss this point more
below.
For comparison, we performed the band structure and
phonon calculations for tetragonal LaPt2Si2 (t-LPS).
Figure 4(a) shows the band structure of t-LPS. The
Pt1 band produces the electron pocket FSs around M,
which possess the saddle points, colored in red, in Fig.
4(b). The scattering vector connecting the saddle points
is indeed close to the observed qCDW=(1/3, 0, 0).[8]
In fact, the saddle point scattering produces a peak in
the charge susceptibility, which induces the structural
instability.[32, 33]
The phonon dispersion of t-LPS in Fig. 4(c) contains
the softened phonon mode, which is consistent with the
CDW structural transition. The phonon softening occurs
mainly from the Pt1, as in SrPt2As2. But, in contrast to
the case in SrPt2As2, the phonon softening at Γ causing
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FIG. 4: (Color online) (a) Band structure of tetragonal
LaPt2Si2 (t-LPS). Pt1 and Pt2 band characters are shown
with fat band. (b) FS of t-LPS. Red points represent the
saddle points. The scattering vector connecting the saddle
points is close to the observed qCDW . (c) Phonon dispersion
and partial phonon DOS of t-LPS. (d) The modified struc-
ture (3X-LPS) of [Si2-Pt1-Si2] layer in the ab plane due to
the softened phonon mode at q=(1/3, 0, 0). (e) Total elec-
tron DOSs are compared between t-LPS and 3X-LPS. Partial
electron DOSs of Pt1 and Pt2 of 3X-LPS are also plotted.
the split distortions of Pt1 does not occur. It is com-
patible with the nonexistence of the split distortion in
LaPt2Si2.
The difference between LaPt2Si2 and SrPt2As2 in the
split distortions is expected to arise from the volume dif-
ference between SrPt2As2 (100.08 A˚
3/f.u.) and LaPt2Si2
(89.62 A˚3/f.u.). We found that the split distortions in
SrPt2As2 disappear with decreasing the volume. In con-
trast, the split distortions appear in LaPt2Si2 with in-
creasing the volume. These features suggest that stabil-
ity of split distortions is strongly dependent on the vol-
ume of the system. Detailed volume-dependent behav-
iors are provided in the supplement.[31] We note another
Pt-based superconductor, BaPt2Sb2, which also contains
the split-off Pt positions in [Sb-Pt-Sb] layer.[34] The vol-
ume of BaPt2Sb2 is 118.47 A˚
3/f.u., which is larger than
those of SrPt2As2 and LaPt2Si2.
The phonon softening instability at q = (1/3, 0, 0) is
consistent with the observed CDW vector qCDW = (1/3,
0, 0), which produces the three-fold supercell structure,
as shown in Fig. 4(d). We will refer to this structure
as 3X-LPS. The modulations occur mainly in Pt1 layer
of [Si2-Pt1-Si2], as in SrPt2As2. This result is contrary
to the speculation of Nagano et al.,[8] who claimed that
[Pt2-Si1-Pt2] layer would be the CDW layer.
Figure 4(e) presents the DOSs of t-LPS and 3X-LPS.
It is seen that 3X-LPS is still metallic even with the
CDW distortion. The DOS at EF is lower for 3X-LPS
than for t-LPS, which is consistent with the stabilized
3X-LPS and also with the paramagnetic susceptibility
measurement.[8] The ratio of Pt1 and Pt2 DOS at EF for
3X-LPS is ∼1.4. The higher DOS at EF for Pt1 suggests
that Pt1 layer is more susceptible to the SC transition.
To identify the main superconducting layer, we per-
formed the calculation of e-ph coupling constant, λp, for
3X-LPS.[31] The largest λq(ν) is obtained at q = Γ near
ν =3.9 meV (see supplement).[31] The normal mode at
this frequency is mainly composed of displacements of
Pt1 in [Si2-Pt1-Si2] layer, which suggests that the main
contribution to the SC comes from Pt1 layers. Notewor-
thy is that the Pt1 layer is the CDW-modulated layer,
which implies that the SC and the CDW coexist in the
same layer. The arrangement of Pt in [Si2-Pt1-Si2] layer
is more 2D-like than in [Pt2-Si1-Pt2] layer. It is thus
expected that the 2D nature and the CDW modulation
of [Si2-Pt1-Si2] layer facilitate the emergence of the SC
more effectively. The situation in SrPt2As2 is thought to
be the same as in LaPt2Si2 in view of the structural and
electronic similarities below TCDW .
Finally, we have evaluated the superconducting pa-
rameters for 3X-LPS using the Eliashberg e-ph cou-
pling theory and the Allen-Dynes formula for the crit-
ical temperature Tc.[4, 5] The results for the Eliash-
berg function, α2F (ω), and the electron-phonon cou-
pling constant, λp(ω), of 3X-LPS are provided in the
supplement.[31] We have obtained Tc=3.5 K for µ
∗ =
0.13 (µ∗: the effective Coulomb repulsion parameter),
which is in good agreement with the observed Tc of ∼ 2
K.[2, 8]
In conclusion, we have found that the CDW mecha-
nisms are quite different between SrPt2As2 and LaPt2Si2.
The CDW transition in SrPt2As2 arises from the FS nest-
ing in the presence of the split distortions of Pt1 atoms,
while that in LaPt2Si2 from the saddle points scattering
in the absence of the split distortions. These features
are corroborated by the phonon softening instabilities at
the observed CDW modulation vector of qCDW . In both
cases, however, Pt1 band plays an essential role in the
CDW and superconducting transitions, implying that the
CDW and the SC coexist in the Pt1 layers.
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STRUCTURAL PARAMETERS
TABLE I: Structural parameters of SrPt2As2 without split
distortions of Pt1 and As2 atoms (space group Pmmn).
a=4.482 A˚, b= 4.525 A˚, c=9.869 A˚
site x y z
Sr 0.75000 0.25000 0.24690
Pt1 0.75000 0.75000 0.49890
Pt2 0.75000 0.25000 0.88170
As1 0.75000 0.75000 0.99970
As2 0.75000 0.25000 0.62630
TABLE II: Structural parameters of SrPt2As2 with split dis-
tortions of Pt1 and As2 atoms (space group P-1).
a=4.482 A˚, b= 4.525 A˚, c=9.869, α=β=γ=90◦
site x y z
Sr 0.75000 0.253367 0.248931
Pt1 0.75000 0.795670 0.497525
Pt2 0.75000 0.247472 0.879795
As1 0.75000 0.749726 0.998933
As2 0.75000 0.283194 0.627811
TABLE III: Structural parameters of LaPt2Si2. Space group
P4/nmm
a=4.31559 (4.277) A˚, c=9.87452 (9.798) a A˚
site x y z b
La 0.25000 0.25000 0.743933 (0.74690)
Pt1 0.25000 0.75000 0.000000 (0.00000)
Pt2 0.25000 0.25000 0.379697 (0.38170)
Si1 0.25000 0.75000 0.500000 (0.50000)
Si2 0.25000 0.25000 0.130249 (0.12630)
aThe values in parentheses are the initial lattice constants from
the experiment.[2]
bThe values in parentheses are the initial atomic positions from
idealized tetragonal SrPt2As2 before the relaxation.[3]
Table I and Table II provide lattice parameters of
SrPt2As2, which were used in the calculations. The
atomic positions are shifted by (0.5, 0, 0.5) from those of
Imre et al..[1] The lattice parameters of LaPt2Si2 before
and after the relaxation are provided in Table III.
VOLUME EFFECT ON THE SPLIT
DISTORTIONS
We have investigated the volume effect on the split
distortions of Pt1 and As2 (or Si2) atoms. We first de-
termined the optimized atomic positions at each volume
by performing the structural relaxation calculations. Fig-
ure 1 shows the split distortion sizes of Pt1 and As2 (or
Si2) as a function of volume. It is shown that the split
distortions become stable with increasing the volume in
both SrPt2As2 and LaPt2Si2. It is demonstrated that the
difference between SrPt2As2 and LaPt2Si2 in the split
distortions originates from their different volumes.
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FIG. 1: (Color online) The variation of split distortion with
the volume. (a) SrPt2As2 (b) LaPt2Si2. The experimental
volumes are 100.08 A˚3/f.u. for SrPt2As2 and 89.62 A˚
3/f.u.
for LaPt2Si2.
EFFECT OF THE SPIN-ORBIT COUPLING ON
THE ELECTRONIC STRUCTURE OF CDW
DISTORTED LAPT2SI2
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FIG. 2: (Color online) The total DOS of CDW distorted
3X-LPS. The red and blue dotted lines represent the total
DOSs with the SOC (wSOC) and without the SOC (woSOC),
respectively.
We have checked the spin-orbit coupling (SOC) effect
on the total density of states (DOS) of LaPt2Si2 after
7the CDW transition, which is denoted by 3X-LPS in the
main text. The total DOSs obtained with the SOC and
without the SOC do not have significant difference, as
shown in Fig. 2. Therefore, we carried out the electron-
phonon coupling constant calculation without the SOC.
ELIASHBERG FUNCTION, λp(ω), AND OTHER
SUPERCONDUCTING PARAMETERS OF
LAPT2SI2
We have evaluated the superconducting parameters for
3X-LPS after the charge density wave (CDW) transition,
using the Eliashberg e-ph coupling theory and the Allen-
Dynes formula for the critical temperature Tc,[4, 5]
Tc =
ωlog
1.20
exp
[ −1.04(1 + λp)
λp(1− 0.62µ∗)− µ∗
]
, (1)
where ωlog = exp
[
2
λp
∫
dω
ω α
2F (ω) logω
]
, α2F (ω) is the
Eliashberg function, and µ∗ is the effective Coulomb re-
pulsion parameter.
Figure 3 shows the Eliashberg function, α2F (ω), and
the electron-phonon coupling constant, λp(ω), of 3X-
LPS. The peak of α2F (ω) and abrupt change of λp(ω) ap-
pear at around ∼3.9 meV. Indeed this phonon frequency
yields the largest contribution to λqν . As provided in
Table IV, the estimated Tc=3.5 K for µ
∗ = 0.13, is quite
consistent with the observed Tc of ∼ 2 K.
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FIG. 3: (Color online) The Eliashberg function and λp(ω) of
3X-LPS.
TABLE IV: Superconducting parameters of LaPt2Si2.
N(EF ), ωlog, and ΘD are the DOS at EF , the logarithmic
average phonon frequency, and the Debye temperature, re-
spectively. Tc’s are obtained for two effective Coulomb repul-
sion parameters µ∗ =0.1 and 0.13.
N(EF ) ωlog(K) ΘD (K) λp Tc (K)
(states/eV/f.u.) µ∗ =0.1, 0.13
2.3 117.34 141.78 0.73 4.5, 3.5
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